Introduction: Currently, there is limited knowledge of the healthcare resources and time needed to intensify patients with type 2 diabetes (T2D) treated with basal insulin to more complex treatment regimens. The purpose of the study was to investigate physicians' perspectives on the time and healthcare resources required for post-basal insulin intensification to basal-bolus and to basal in combination with a glucagon-like peptide-1 receptor agonist (GLP-1) regimens. The study also examined referrals to specialists for intensification and patient challenges with intensification.
INTRODUCTION
It is well known that timely treatment intensification and blood glucose control in patients with uncontrolled type 2 diabetes (T2D) are critical to reduce the risks of long-term diabetesrelated complications [1] [2] [3] . Yet delays to insulin initiation and treatment intensification in patients with uncontrolled T2D are persistent challenges to diabetes management [4] [5] [6] [7] [8] [9] . Postbasal insulin intensification to more complex regimens, such as basal-bolus insulin therapy or basal insulin in combination with a glucagonlike peptide-1 receptor agonist (GLP-1), is particularly challenging. Research estimates that at least 60% of T2D patients treated with basal insulin alone are uncontrolled based on their hemoglobin A1c (HbA1c) values (HbA1c C 7%) [10] .
The failure to intensify treatment in T2D despite inadequate diabetes control, often referred to as clinical inertia, is a well-documented obstacle to T2D management [5, 6, 8, 11] . Both patient and physician factors have been identified as contributing to clinical inertia. Concerns about side effects (e.g., weight gain and hypoglycemia), interference with daily life, beliefs about insulin or diabetes, not wanting to add injections, and relationships with healthcare providers (HCPs) are some of the patient factors that have been associated with reluctance to initiate or intensify treatment in T2D [12] [13] [14] [15] . Concerns about hypoglycemia, lack of patient agreement to intensify, patient adherence or compliance to treatment, and views on insulin efficacy have been shown to contribute to clinical inertia in T2D treatment among physicians and other HCPs [14, 15] .
While the barriers to treatment intensification in T2D are well studied, less is known about the healthcare resources required for intensifying patients treated with basal insulin to more complex regimens, such as basal-bolus insulin therapy or basal insulin in combination with GLP-1. A better understanding of healthcare resource use and time needed for intensification may suggest strategies to prevent delays to postbasal insulin intensification and to improve diabetes control. The purpose of this study was to investigate the process of post-basal insulin intensification for patients with T2D from the perspective of physicians, including general practitioners (GPs) and specialists (endocrinologists/diabetologists), in the United Kingdom (UK) and United States (USA). The study aimed to shed light on the healthcare resource use and time needed for intensification, the process of patient referrals to specialists for intensification, and the concerns and challenges patients may have in relation to intensification.
METHODS

Survey Development
A web-based survey was conducted with physicians in the UK and the USA from April to June of 2017. Qualitative analyses of data from concept elicitation focus groups with patients and concept elicitation interviews with physicians informed survey development. Focus groups were conducted with 77 adults diagnosed with type 1 diabetes (T1D) or T2D who were currently treated with basal-bolus insulin therapy. The focus groups were conducted in Germany, the UK, and the USA as part of a previous study and are described in further detail elsewhere [16] . Additionally, 16 physicians in the UK (n = 8) and USA (n = 8), including both GPs (n = 8) and specialists (diabetologists or endocrinologists, n = 8), participated in telephone interviews focused on their clinical experiences with complex regimen treatments for patients with T2D. After survey items were generated, cognitive debriefing interviews were conducted with an additional 12 physicians in the UK and USA to ensure that all instructions and survey items were clear, that the recall periods were appropriate, and that the survey format and structure were acceptable. Prior to survey launch, usability testing was also conducted with an additional 10 physicians in the USA.
The final survey consisted of 91 questions and took approximately 34 min to complete. Physicians received a modest honorarium (based on fair market rates) upon completion of the survey. All data were self-reported by physicians on the basis of their experiences in clinical practice. This survey was administered by a third-party survey research organization. The investigators did not have direct contact with the physicians or access to any potentially identifying information or personal information. On the basis of information from the Office for Human Research Protections at the US Department of Health and Human Services, it was determined that this survey study did not meet the definition of human subjects research and therefore ethics committee approval was not necessary. Informed consent was obtained from all study participants prior to partaking in the survey.
Participants
Physicians were recruited from proprietary panels of physicians who have opted in to participate in the research panel. The panels are designed to be representative of physicians who care for patients in clinical practice, and all physicians are verified using various administrative databases. Physicians were invited to participate in the survey via email. To be eligible for the survey, physicians had to be a GP or specialist (endocrinologist or diabetologist) with at least 5 years of experience practicing as a physician and at least 40% of their work time in clinical practice. Additionally, physicians were required to be currently managing at least 10 patients with T2D and have at least four T2D patients treated with a basal-bolus insulin regimen and at least four T2D patients treated with a basal insulin in combination with GLP-1 regimen. In the UK, physicians were required to have at least 80% of their clinical practice in the National Health Service, as physicians working primarily in private practice may have differing experiences. Physicians in the USA were required to spend at least 80% of their clinical practice based on fee for service (FFS) patients, as the clinical experiences of physicians who work primarily in a capitated system may differ from those working in an FFS-based system.
Survey Variables
All physician responses in the survey were selfreported on the basis of physician recall and perceptions. Physicians were not expected to review patient chart data or records when responding to questions. Throughout the survey, physicians were asked to think about average or ''example'' patients when answering questions so that their responses reflected the experiences of more ''typical'' or ''average'' patients rather than patients with particularly difficult or challenging circumstances. ''Example'' patients were defined as patients aged 35-70 years who have a T2D diagnosis with no major or uncontrolled comorbidities, treated with basal insulin alone (with or without oral antidiabetic agents, OADs), of average cognitive ability/normal mental status, and with a body mass index (BMI) of 25 or greater. This approach of asking physicians to think about more typical or average T2D patients when responding to questions has been employed in previous survey research studies in diabetes [17] .
Data Analysis
Descriptive statistics included frequencies, percentages, means, and standard deviations. Measures of association included comparison of means and cross-tabulations. Significant differences in means between two groups were assessed using Student's t tests. Significant differences in comparisons of categorical variables were assessed using Chi-square tests. For all analyses, the significance level was set at p \ 0.05. Data analysis was conducted using STATA S/E statistical analysis software, version 14 (StataCorp, College Station, TX, USA) [18] .
RESULTS
Sample Descriptive Statistics
A total of 458 physicians in the UK (n = 225) and USA (n = 233) completed the survey. GPs comprised 58.5% of the sample (n = 268), while Table 1 .
Healthcare Resource Use and Time to Intensification
Physician reports on the healthcare resource use and time needed for intensification of ''example'' T2D patients from basal insulin to basal-bolus and to basal with GLP-1 regimens are presented in Table 2 . On average, the intensification process to a basal-bolus regimen required 7.0 HCP visits (SD 3.7), including visits needed for patients to agree or refuse to intensify, to train patients to intensify, and to titrate patients to their optimal dose after the initial intensification visit. As shown in Table 2 , UK physicians reported a significantly greater number of HCP visits for patient training (2.4 visits), on average, compared to US physicians (1.8 visits, p \ 0.001). Country differences in average HCP visits needed for patients to agree or refuse to intensify and for titration to an optimal dose were not statistically significant. Average time needed for the entire intensification process to basal-bolus was 30.1 weeks (SD 17.4). UK physicians reported greater patient training time for intensification (8.3 weeks) compared to US physicians (6.4 weeks, p = 0.005), on average. Country differences were not significant for time patients take to agree or refuse to intensify or for the titration process.
For intensification from basal insulin to basal in combination with GLP-1, physicians reported that the intensification process for T2D patients required an average of 5.7 HCP visits (SD 3.8), including visits needed for patients to agree or refuse to intensify, for intensification training, and for titration to an optimal dose after initial intensification. Average HCP visits needed for patients to agree or refuse to intensify and for patient training when intensifying to basal with GLP-1 were similar among physicians in the UK and USA. For titration to an optimal dose, UK physicians reported a slightly lower average number of HCP visits (1.8 visits) compared to US physicians (2.0 visits, p = 0.046).
The average total time for the intensification process to basal combined with GLP-1 was 23.5 weeks (SD 15.2). US physicians reported greater time for patients to agree or refuse to intensify (9.3 weeks) compared to UK physicians (7.4 weeks, p = 0.004). Country differences in average time for training or titration were not significant.
Referral Process for Intensification in Uncontrolled T2D
GPs On average, GPs reported referring 22.6% of their uncontrolled (based on HbA1c values) T2D patients to specialists for intensification (SD 25.4). Reported referrals for intensification did not differ significantly by country. The most frequently reported reasons for referring T2D patients to specialists for intensification were being unsuccessful intensifying the patient themselves (70.8%), patient requesting the referral (61.5%), patient having too many comorbidities (52.5%), and complications during treatment (39.3%). Following referral, GPs indicated that the average patient wait time before being intensified by a specialist was 8.4 weeks (SD 5.4). Country differences in reasons for referring patients to specialists for intensification are shown in Fig. 1 . After referral to specialists for intensification, GPs reported that 24.6% of referred patients do not return to the GP's practice for ongoing diabetes care (SD 28.1), while 23.2% of referred patients return to their practice without having been successfully intensified (SD 21.5), on average. Differences by country were not Physicians were asked to report averages based on ' 'typical' ' T2D patients who are uncontrolled on basal insulin (with or without OADs), with no major or uncontrolled comorbidities. See ' 'Methods' ' section for additional details T2D type 2 diabetes, GLP-1 glucagon-like peptide-1 receptor agonist, HCP healthcare provider, SD standard deviation, OAD oral antidiabetes medication statistically significant. The most frequently reported issues (occurring ''regularly'' or ''always'') when patients return to the GP's practice after intensification were that patient is not confident that they are following the regimen properly (23.4%), patient still requires additional training/information about intensification (22.2%), and patient has difficulty titrating on new regimen (22.2%). GPs in the UK were significantly more likely to indicate ''Patient is not confident that they are following the regimen properly'' as an issue (30.4%) compared to GPs in the USA (15.6%, p = 0.018). Among GPs who refer at least some uncontrolled T2D patients to specialists for intensification (n = 257), the average time spent on the overall referral process for intensification of T2D patients was 36.7 min (SD 24.8), including time spent discussing the referral with the patient, following up with the specialist after referral, following up with the patient after referral, and/ or reviewing/assessing a new care plan from the specialist. GPs in the UK reported spending significantly greater time on the referral process (42.3 min) compared to those in the USA (30.5 min, p \ 0.001).
Specialists
On average, specialists reported that 68.7% of their T2D patients were referred to them by GPs for treatment intensification (SD 25.9). UK specialists reported a greater percentage of referred T2D patients (73.7%) compared with specialists in the USA (64.4%, p = 0.013). Average patient wait time for non-urgent appointments with specialists following referral was 8.2 weeks (SD 5.4). Reported wait time was greater among UK specialists (9.3 weeks) compared to specialists in the USA (7.2 weeks, p = 0.008). On average, specialists indicated that they received notes or care plans from the referring GPs for 70.1% of referred patients (SD 31.6). UK specialists reported receiving notes/-care plans from referring GPs for more referred patients (76.8%) compared to specialists in the USA (64.3%, p = 0.006).
Specialists reported that 57.7% of patients referred for basal-bolus intensification continue to see both their referring GP and the specialist (SD 36.6), on average. Specialists in the USA reported a greater percentage of these patients continuing to see both their GP and specialist (71.2%) compared to specialists in the UK (42.0%, p \ 0.001). For referrals for basal in combination with GLP-1 intensification, Fig. 1 Reasons GP physicians refer T2D patients to specialists for intensification. Responses not mutually exclusive, n = 257. T tests indicate significant differences by country, *p \ 0.05; **p \ 0.01; ***p \ 0.001 specialists indicated that 54.0% of patients continue to see both their GP and specialist (SD 37.4), on average. Specialists in the USA were also more likely to report that these patients continue to see both their GP and specialist (69.8%) compared to specialists in the UK (35.7%, p \ 0.001). Most specialists (87.9%) reported spending at least some time preparing notes/care plans for GPs after patients return to their referring GPs, and time spent preparing notes/care plans for GPs did not differ significantly by country.
Specialists indicated that they spend an average of 28.4 min (SD 21.5) on the overall referral process, including time reviewing notes or care plans from the referring GP and time preparing notes or care plans for the referring GP. Average time specialists spent on the overall referral process did not differ significantly by country.
Patient Experiences With Intensification Process
Physicians reported on their perspectives of the intensification process for patients treated with basal insulin who require intensification. As described above, physicians were asked to think about more typical or ''example'' patients when responding to these questions. On average, physicians reported that the target HbA1c value for ''example'' patients would be 6.9% (SD 0.5) and that they would consider intensification necessary at an HbA1c value of 7.8% (SD 0.6).
Among physicians who would intensify at least some ''example'' patients to basal-bolus, physicians reported that an average of 25.4% (SD 19.2) of ''example'' patients refuse to intensify to a basal-bolus regimen, while another 13.9% (SD 15.4) initially agree but then change their minds (n = 438). Likewise, physicians who indicated that they would intensify at least some ''example'' patients to basal with GLP-1 estimated that an average of 17.6% (SD 15.2) of ''example'' patients refuse to intensify to a basal combined with GLP-1 regimen, while another 12.5% (SD 16.4) initially agree but then change their minds (n = 444). Physician-reported reasons that patients refuse to intensify to basal-bolus are shown in Fig. 2 , while reported reasons that patients refuse to intensify to basal combined with GLP-1 are displayed in Fig. 3 . The frequency of injections required, not wanting to add even one more injection to the current regimen, and feeling that the intensified regimen is too complicated were the most frequently reported reasons for refusal to intensify to basal-bolus. For the basal combined with GLP-1 regimen, physicians reported that not wanting to add even one more injection to the current regimen, negative side effects, and concerns/fear about taking medication after reading package insert were the most frequently reported reasons for patient refusal to intensify to basal insulin in combination with GLP-1.
Physicians also reported on ''example'' patients' most frequent concerns once intensified. The most frequent concerns of patients intensified to basal-bolus are depicted in Fig. 4 , and the most frequent concerns of patients intensified to basal combined with GLP-1 are shown in Fig. 5 . For patients intensified to basal-bolus, physicians reported that weight gain was the most frequent concern, followed by experiencing hypoglycemia, and difficulty adhering to the intensified regimen. For patients intensified to basal combined with GLP-1, physicians indicated that insurance coverage/cost, weight loss, and negative side effects were the most frequently expressed concerns.
Among physicians who reported that they would intensify at least some ''example'' patients to a basal-bolus regimen (n = 438), physicians estimated that about 30.3% of intensified ''example'' patients report adherence problems (SD 20.2). Physicians were most likely to indicate that patient adherence problems to the basal-bolus regimen were due to the frequency of additional injections (65.7%), difficulty remembering to take doses (53.5%), and feeling that the intensified regimen is too complicated (53.3%) (n = 458). Following intensification training for basal-bolus, physicians reported that an average of 57.0% of ''example'' patients intensified to basal-bolus reach their target HbA1c levels (SD 19.5) and that 37.8% of ''example'' patients discontinue the basal-bolus regimen (SD 29.8), on average.
Among physicians who reported that at least some ''example'' patients discontinue their basal-bolus regimen after intensification (n = 428), the most frequently reported reasons for patient discontinuation of their basal-bolus regimen were the frequency of additional injections (53.0%), difficulty adhering to the intensified regimen (50.0%), and feeling that the intensified regimen is too complicated (47.0%).
Among physicians who indicated that they would intensify at least some ''example'' patients to a basal combined with GLP-1 regimen (n = 444), physicians indicated that about 18.6% of patients report adherence problems (SD 14.3). Physicians most frequently reported that adherence problems to the basal combined with GLP-1 regimen were due to negative side effects (47.8%), insurance coverage/cost (38.4%), and concerns/fears about the Fig. 2 Reasons patients refuse to intensify to basal-bolus insulin regimen. Responses not mutually exclusive, n = 458 Fig. 3 Reasons patients refuse to intensify to basal insulin in combination with GLP-1. Responses not mutually exclusive, n = 458 medication after reading the package insert (37.8%) (n = 458). Following intensification training for basal insulin in combination with GLP-1, physicians indicated that 58.5% of ''example'' patients reach their target HbA1c levels (SD 20.1) and that 36.7% of ''example'' patients discontinue the regimen (SD 30.2), on average. Among physicians who indicated that at least some ''example'' patients discontinue their basal combined with GLP-1 regimen (n = 427), the most frequently reported reasons for patients discontinuing the regimen were negative side effects (55.3%), followed by patient does not see a response/does not feel that the regimen is working (36.1%), and insurance coverage/cost (34.2%).
DISCUSSION
This study adds to previous research on the intensification process from basal insulin to more complex regimens in T2D patients from the perspective of physicians [17] . Consistent with prior research [15, 19] , the findings suggest that the complexity of the basal-bolus regimen, adding additional injections, and negative side effects such as weight gain and hypoglycemia are key patient barriers to intensification to basal-bolus. For intensification to basal in combination with GLP-1, adding additional injections, negative side effects, and insurance coverage/costs were frequently reported reasons for patient refusal to intensify with GLP-1, which is also in line with prior research [19] . Such challenges may result in patient reluctance to intensify, medication non-adherence, and non-persistence, all of which may serve as barriers to timely diabetes control.
While these challenges with intensification to basal-bolus and basal in combination with GLP-1 regimens have been previously studied, this is the first study to look at the healthcare resources and time needed for intensification, as well as the referral process. Results suggest that the intensification process to complex regimens is time-consuming and requires substantial use Additionally, the lengthy time to treatment intensification suggests that T2D patients may experience long periods of time in which their diabetes is uncontrolled before their regimen is fully intensified. When referral to a specialist is required for intensification, the wait time for an appointment adds an average of 8.4 additional weeks to the intensification process. This means an average intensification time of 38.5 weeks (approximately 9 months) for basal-bolus therapy and 31.9 weeks (approximately 8 months) for intensification to basal insulin in combination with GLP-1. Such delays to post-basal insulin intensification are concerning given the importance of timely blood glucose control to reduce risks of long-term diabetes-related complications [1, 3] . Even when T2D patients are intensified successfully to basal-bolus therapy or basal insulin in combination with GLP-1, physicians reported that medication non-adherence and non-persistence were frequent problems and that some intensified patients do not reach their HbA1c targets, all of which are well-known challenges to T2D management [20] [21] [22] .
In sum, the study findings suggest that more simplified treatment options for post-basal insulin intensification may help reduce the time and healthcare resources required for intensification. Additionally, the results suggest Responses not mutually exclusive. Question was not asked of physicians who reported that they would not intensify ' 'example' ' patients to a basal insulin in combination with GLP-1 regimen, n = 444 that less complex treatments would also address patient concerns related to frequent injections and regimen complexity, which may improve medication adherence and persistence, and ultimately improve diabetes control. Less complex treatment options may also reduce the need for referrals to specialists for intensification. Recent research suggests that a new treatment option for post-basal insulin intensification, which includes a less complex regimen and fewer injections compared to basal-bolus therapy or basal insulin in combination with GLP-1, reduces the time and healthcare resources necessary for intensification [17] . Further, patient and physician education may also help reduce the number of HCP visits and time required for post-basal insulin intensification.
Several study limitations should be considered when interpreting results. The reliance on physician recall of experiences and perceptions, rather than a systematic review of chart data, means there is the potential for recall bias. Moreover, asking physicians to report on ''example'' patients with more ''typical'' or ''average'' experiences does not capture the broad range of intensification experiences that patients may have. A systematic review of chart data may provide more robust and complete information on the post-basal insulin intensification process in T2D.
Although the physician panels used to recruit physicians for the survey were designed to be representative of physicians in each country, the possibility of selection bias also cannot be ruled out. Further, some overlap may exist in the reported time and healthcare resources needed for intensification training and titration. Although the survey questions were designed to avoid such overlap, it is possible that some HCP visits include continued training, as well as titration. Finally, results may not be generalizable to other countries or in differing healthcare systems outside of the UK and USA. Future research might investigate how the healthcare resources and time required for post-basal insulin intensification, as well as the referral process, may differ in other healthcare systems.
CONCLUSION
Intensifying T2D patients treated with basal insulin to more complex regimens, including basal-bolus insulin therapy and basal insulin in combination with GLP-1, is a time-consuming process and requires substantial use of healthcare resources. The findings have important implications for healthcare costs to patients and payers, as well as costs related to the length of time T2D patients remain uncontrolled during the intensification process. The results suggest that additional physician and patient education may be warranted to reduce intensification time and thereby reduce that time that T2D patients remain poorly controlled. The findings also suggest that less complex treatment regimens may help reduce both the costs and time needed for post-basal insulin intensification in T2D.
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